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1. INTRODUCTION 


The Interim and Final Reports of the General Science Sub¬ 
committee appointed in 1935 were published in 1936 and 
1938 respectively, under the titles The Teaching of General 
Science, Parts I and II. There is good reason to believe that 
these reports (particularly Part I) have exercised a consider¬ 
able influence upon the teaching of Science in the stage of 
general education in what are now called Grammar Schools. 
All the Examining Bodies now include General Science as a 
subject in the School Certificate examination and most of the 
syllabuses are based directly upon the recommendations in 
the Reports Mr. Marchant’s investigations published in the 
School Science Review, Nos 96 and 107, show a steady inciease 
in the number of candidates for General Science in the School 
Certificate and it now compares in popularity with Physics, 
Chemistry and Biology taken as separate subjects 
Tiue to Its tradition, the General Committee of the Science 
Masters’ Association felt that this was no time to remain 
content with a satisfactory state of affairs but that so much 
experience had been gained in the schools as to the worlang 
of the syllabuses that a review of the whole situation seemed 
very desirable Accordingly a new General Science Sub¬ 
committee was appointed m 1944 and charged with the duty 
of making this review. This Committee met in October 1944 
but decided that the time was not iipe for a full investigation, 
However, in 1947 the Sub-Committee was reconstituted and 
the task was begun m earnest. 

The present Sub-Committee were agreed that experience 
has shown that the 1936 and 1938 Reports were sound in 
principle and that their philosophical background required 
no serious amendment, but it was felt that the usefulness of 
the present report to teachers would be increased if these 
principles were restated. In doing so opportunity has been 
taken to present them in a form and with an emphasis which 
recent experience and present conditions render desirable 
In consideiing details of syllabus, and like matters, we have 
had to take account of several new featuies m the educational 
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outlook presented by the Butler Act of 1944 and particularly 
the new system of external examination for Grammar Schools 
(Ministry of Education Circular 168). It seemed to us that 
we should bear in mind the needs of three categories of pupil 

(i) those who puisue a course of general education from 

age 11 to 16 and then leave school or discontinue 
their school study of Science at age 16, 

(ii) those who ultimately specialise in Science in the Sixth 

Form, 

(ill) those who ultimately specialise in subjects other than 
Science m the Sixth Form but who will wish to 
continue their contact with Science 

The basic syllabus that wc propose represents the content 
of scientific knowledge that we consider necessary to an 
educated citizen and as such is fitted for all pupils in cate- 
goiy (i) In this connection we have noticed the increasing 
tendency for schools to regard five years as the normal dura¬ 
tion of the general education course as against the four years 
assumed in The Teaching of General Science, Part I, and we feel 
that this tendency will be encouraged by the age limitations 
imposed upon entrants for the new examination for the General 
Certificate of Education. Thus we have considered it justi¬ 
fiable to increase somewhat the content of our basic syllabus 
by the inclusion of topics mainly of a chemical nature, the 
omission of which from the “ Minimum Syllabus ” of The 
Teaching of General Science, Part I, has been generally felt to 
have been a weakness. While emphasising that our syllabus 
IS a teaching and not an examination syllabus, we hope that 
our proposals may form the basis of syllabuses for papers in 
General Science at the “ ordinary ” level m the Examination 
for the General Certificate of Education 

Many schools are able to devote more time to Science than 
the bare minimum we have assumed, particularly towards the 
end of the course and for those who will ultimately proceed 
to the Science Sixth Form. We have indicated how we think 
the additional time available should be spent m treating cer¬ 
tain parts of our basic syllabus m greater detail or by the 
introduction of additional topics. We have been aware of 
the criticism made from time to time that General Science 
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as set out in the earlier reports is not a suitable preparation 
for subsequent specialisation in Science We are firmly of 
the opinion that the arguments in favour of a broadly based 
couise m Science as set out in Chapter 3 apply equally to all 
pupils, whatever their subsequent history, and wc have noted 
that few, if any, of the schools which have adopted General 
Science for all pupils find that it is an inadequate background 
for Sixth Form work. We feel that some of the criticism may 
have been due to the fact that there was an interval of two 
yeais between the publication of the two parts of the Report 
Thus Part II, which dealt with the additional ground that 
might be covered by pupils having a larger time allowance 
for Science than the minimum, has received rather less atten¬ 
tion than IS its due. By including all our proposals within 
the covers of the one report we hope to avoid a similar mis¬ 
understanding. We note that if the intentions of the Minister 
and of the Secondary Schools Examination Council arc realised, 
pupils in the second category will not sit an examination in 
Science subjects until they take the papers at the “ advanced ” 
level at the age of 17-18. We hope that the greater freedom 
in planmng courses which should now be possible will result 
in more of our future specialists in Science following, m the 
earlier stages of their education, broadly based courses such 
as that suggested in this report 

Pupils in category (iii) will presumably cover the giound 
of our syllabus during the general education phase and will 
subsequendy devote not less than two periods per week to 
Science in the Sixth Form We feel that they should follow 
a course which takes account of their more mature outlook 
and our suggestions follow very closely the recommendations 
of the Sub-Committee of the Science Masters’ Association on 
the teaching of Science to non-science specialists, whose Report 
IS published in the School Science Review, No 99 (February 
1945) We hope that examining bodies will set alternative 
papeis m General Science at the ordinary level on these 
lines. 

In articles and letters in the School Science Review we have 
noted the existence of an unfortunate impression that the 
earlier Reports encouraged the use of demonstration experi¬ 
ments at the expense of individual work done by the pupils 
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themselves. We have been at pains to correct this impres¬ 
sion by including a chapter dealing with Practical Work in 
general and by adding to our syllabus a schedule for practical 
work, both individual and demonstration, which we hope will 
not only make our intentions in this matter perfectly clear 
but be of assistance to young teachers in the planning of 
their work 

In setting out the details of the syllabus we have thought 
it well to abandon the “ broadsheet ” method adopted in the 
earlier Reports {The Teaching of General Science, Parts I and 
II), and to use three columns, one for the actual syllabus, 
one for observations upon it, and the third for suggestions for 
practical work. 

Conditions both of laboratory accommodation and staffing 
vary greatly from school to school The ideal of laboratories 
which can be reserved and equipped for General Science, 
and a science staff composed of members all of whom have 
received a broadly based science training is seldom attained 
and we have thought it useful to include in the chapter on 
“ Special Considerations ” suggestions based on experience as 
to how typical difficulties of this kind may be met. 

We have given careful consideration to the problem of 
Science teaching in Secondary Modern Schools and as to how 
far our suggestions might be of use in this connection We 
have come to the conclusion that such problems deserve 
separate consideration and have decided to omit specific 
reference to them in our Report, being confirmed in our 
attitude by the knowledge that the General Committee of 
the Association is setting up a Sub-Committee to deal with 
them. It is, however, our hope that this Report, particulaily 
the parts dealing with the work of the early years of the 
course, may be found to be of considerable use to teachers in 
Secondary Modern Schools in planning the details of their 
work. 

The chapter on “ Examinations ” in The Teaching of General 
Science, Part II, appears to have had some influence on the 
types of paper set in School Gerpficate Examinations of the 
various Examining Bodies. We feel, however, that the sug¬ 
gestions for the types of question have received less considera¬ 
tion than they deserve ; we are therefore reprinting with 
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suitable modifications the pait of the chapter which deals 
with this topic. 

Wc have had the advantage of hearing the views of His 
Majesty’s Inspectois on certain aspects of our Report through 
a deputation from the Sub-Gommittcc which met the Science 
Panel of the Inspectorate, by invitation, on April 13lh, 1949. 
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2. THE HISTORY OF THE GENERAL SCIENCE 
MOVEMENT 

The growth of the General Science movement within the 

Science Masters’ Association may be traced back as far as 

1915 when the Committee of the Association of Public School 

Science Masters, the parent body of the S M A, appointed 

a Sub-Committee to report on ways and means of furthering 

the claims of Science as a school subject 

A brief summary of its subsequent development is as follows ; 

1916 The Gomrmttee of the A P.S.S M. drew up the memoi- 

anda The Aim of Science Teaching in General Education 
and Science foi All 

Jan. 1919 General Science was discussed at the Annual 
Meeting of the S.MA. 

Dec. 1920 An article, “ Science for All, a Plea for General 
Science ”, was published in the School Science Review. 

1924 The S.MA Committee prepared a new pamphlet on 
“ General Science ” and successfully pressed for the 
inclusion of General Science as a subject in the School 
Certificate Examination. 

1932 The General Science (1924) pamphlet was revised. 

1933 A Sub-Gommittee was appointed to consider the aims, 

content and method of a course in Elementary Science 
such as was suggested by the Panel of Investigatois 
which had enquired into School Certificate examina¬ 
tions. Their report was discussed at the Annual 
General Meeting in 1934 

1935 A new Sub-Gommittee under the Chairmanship of Mr. 
C. L. Biyant was appointed to go further into the 
question of Geneial Science. Their Report which 
is in two parts was adopted by the General Com¬ 
mittee and published by John Muriay under the 
title . The Teaching of General Science, Part I appearing 
in 1936 and Pait II m 1938. 

1944 A new General Science Sub-Committee was appointed 
to review The Teaching of General Science in the light 
6 
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of experience gained of its woiking This Committee 
eame to the conclusion that the time was not iipe 
loi discussion of changes. 

1947 The present Sub-Committee was appointed and com¬ 
menced its work 

Those who are interested will find a fuller treatment of 
the earlier work in The Teaching of General Science^ Part I, 
Chapter 3. 
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3 THE AIMS OF SCIENCE TEACHING 

(Tills chapter, which is felt to be a necessary concomitant of any Repoii 
on the Teaching of General Science, is a reprint of Chaptei 4 of 7 G S,, 
Pait I, with some modifications) 

Before enteiing on any discussion of the contents of coutscs 
01 of the method of teaching Science in the eaily stages, it 
IS desirable to state the, aims which teachers of the subject 
have in mind. 

Analysis of views generally held shows that the numerous 
reasons urged to justify the inclusion of any subject in the 
cuiriculum can be roughly classified under three headings. 

{a) utihtaiian or vocational it helps the pupils m then 
everyday life, or may be necessary in their future 
occupations; 

{b) disciphnarian it teaches them to think , it sharpens 
their minds; 

(c) cultural: its inclusion is desirable because it forms an 
essential pait of our social heritage 

The study of Science is certainly useful, both for the com¬ 
munity and for the individual. As to the former, the pros¬ 
perity of a nation, indeed its very existence, requires a 
continuous supply of highly qualified technical experts, But 
the preparation of such experts cannot be considered as one 
of the functions of the school, for technical training can be 
carried on efficiently only m specially equipped institutions; 
and it need not Be started before the age of sixteen'years 
Moreover, the total number of technicians actually engaged 
in fundamental research, or in work requiring specialised 
scientific knowledge, forms only a very small proportion of 
the total population In a Secondary School a course which 
acquires meaning only when completed by advanced studies 
cannot be whoUy satisfactory and should not be attempted 
The initial training of experts is, however, one of our tasks, 
and this can best be achieved by a broad syllabus ; for it 
IS at school that particular talents are discovered and their 
development fostered Many a potential specialist, in the life 
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sciences especially, has been lost to the woilcl by the nariow- 
iiess of the teaching at school. Moreover, much of the work 
of the expert is conccinecl with advising spceialists in other 
fields, and his task will be facilitated if he has some appi ccia- 
tion of their interests and activities, and some knowledge of 
the, special terms they employ. 

.^In one way especially the teaching of Science to all benefits 
the community. A state will best function when the intel¬ 
lectual climate in which its members live is suited to the 
tasks they perform. Scientists and inventors do bettci woik 
when their efforts do not meet blind opposition, and when 
the spiut of the times is in sympathy with them. Further, 
It is dcsnablc m the highest degree that the members of a 
dcmociacy should understand, even if only in simplified form, 
the general mter-i clationship of the trades and occupations 
of their countiy and that they should appreciate the utility 
of the expelt and the kind of advice he may be trusted to 
give. Wc should theicforc give our pupils some notion of 
the many ways in which Science enters our lives and has 
influenced and alteied our occupations. Wc should show 
them that its study requires a particular mode of apptoach 
to problems, that the scientific spirit implies the dispassionate 
analysis of well-authenticated data, and that prejudice, super¬ 
stition and dogmatic assertion aie the enemies ol vigorous 
development. Clearly, these objects are not to be achieved 
by the intensive study of too restricted a field. We must 
choose our samples so as to illustrate a large range of science 
and its manifold ramifications Though the aim 'discussed 
above / is too wide and possibly too vague to give immediate 
piactical guidance it does reinfoice the generally accepted 
idea that the school science course must find its starting-point 
and its inspiration in the actual human environment 
To the individual, the study of Science may be useful, in 
the narrow sense of the word, in two ways (^a) it may help 
him to earn his living, and (6) it may help him to carry out 
moie efliciently the activities of his oidmary life 
' The exclusive acceptance of the first of these two claims 
would lead us to arrange vocational courses While these 
have the advantage of stimulating the inteiest of our pupils, 
they suffer from two great drawbacks. Firstly, a purely 
T.G.S, 9 
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vocational curiiculum piesupposes a static, unchanging society. 
It IS built up by studying the activities and trades in which 
people aie actually engaged at the moment and then dealing 
with these But, in fact, these occupations change and we 
cannot know precisely what scientific knowledge will be found 
vocationally useful in twenty-five years’ time. Secondly, the 
occupations of the people exhibit such amazing diversity that 
it IS impossible to cater specifically for more than a small 
fi action. Hence we cannot consider vocational preparation 
as one of our mam aims in a Secondary School. 

In ordinary life, however, opportunities for using scientific 
knowledge are rapidly increasing m number While it is true 
that no Item of scientific knowledge can be considered essen¬ 
tial, few will deny that even the most rudimentary acquain¬ 
tance with scientific facts and principles can often be directly 
useful. Some knowledge of Biology, for example, can help 
towards more lational and healthy living This subject foims 
the best foundation for a study of the laws of hygiene, and 
an appreciation of the data underlying practical hygienic 
advice may facilitate its rapid adoption. But here again, 
while admitting the possible value of such claims, it is not 
easy to see how they will help us to decide what to include 
in, or what to exclude from, the curriculum. The total num¬ 
ber of contacts is so vast as to be almost coextensive with the 
whole range of modern science 

Perhaps the most important reflections which arise fiom 
these considerations are ' 

(a) the importance of a broadly conceived couise touching 

ordinary life at many points , and 

(b) the great importance of stressing scientific principles of 

wide generality, for when these are thoroughly under¬ 
stood, their useful application may easily be extended 

The second claim advanced in favour of the teaching of 
Science has been based largely on a belief in the possibility 
of a transfer of tiaimng. The study of Science is said to 
develop certain poweis of clear and vigorous thinking, of 
coherent and logical deduction, of exact and accurate observa¬ 
tion. All these are very desirable qualities and their more 
geneial diffusion must be assisted m every way. Many 
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teachers of Science hope that habits of this sort, acquired in 
the classroom, will automatically be gencialised and applied 
to the wider concerns ol national life. Such arguments weic 
often urged in defence of the courses in weighing and m 
practical measurements which have served to introduce the 
study of Science to so many young children. 

This IS not the place to discuss at length this vexed question. 
We would point out, however, that experimental evidence has 
shown quite definitely that the possibilities of transfer of train¬ 
ing are much smaller than had formerly been supposed ^ On 
the other hand, it has been shown that the importance of the 
sentiments which grow up around any subject cannot be over¬ 
estimated. It IS essential for future success that a child’s first 
introduction to Science should not lead to boredom, to a 
feeling of failure or insufficiency, or to an impression that it 
IS a formalised study not directly applicable to things that 
inteiest him 

The influence of these results on our work is obvious. Since 
the “ disciplinary ” values of a subject cannot be uiged as 
the main arguments in its favour, wc must not include in our 
syllabuses any matter whatever which is taught only for the 
sake of the training it gives. It is no longer possible to defend 
a narrow curriculum by urging the claim that it “ trams boys 
to think and to appreciate scientific method ”. It is doubt¬ 
less tiue that a concentrated course in Chemistry, for instance, 
may teach a boy to use chemical concepts efficiently, but it 
IS not worth gieat expenditure to tram as budding chemists 
boys who will not become chemists. They will not necessarily 
become better scientists, still less better citizens. 

It must be the conscious aim of the teacher to inculcate in 
his pupils and to transfer to their general outlook such aspects 
of the scientific discipline as— 

(a) accurate observation, separating the relevant from the 
irrelevant in a purely objective manner uninfluenced 
by prejudice or bias , 

{b) a willingness to conduct careful and thorough experi¬ 
ments taking account of possible errors even of trained 

^ We are indebted to Sir Cyril Burt for a concise statement on the 
current views on the question of transfer of trainmg 
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obscivcrsj remembering the limits of accuiacy of any 
obseivcr and distrusting meie authority ; 

(c) the intelligent estimation of the i eh ability of the results 

obtained ; 

(d) the classification, evaluation and logical inteipretation 

of the data so obtained , 

(e) the foimulation by clear leasoning of a hypothesis from 

a sufficient number of such results ; 

(/) the testing of this hypothesis by further results until it 
IS confiimed and accepted as a natural law or rejected 
or extended by addiUonal hypotheses, thus paving 
the road to fmthei advances in our knowledge. 

In connection with the thud claim advanced in favour of 
the teaching of Science—^thc cultural value of the subject— 
It should be icincmbered that the school is, above all, a place 
where childien undergo caiefully selected expeiienccs which 
we believe will be of value to them, both immediately and in 
adult life. Since they will become fuU members of a com¬ 
munity which has cnshiined its beliefs and ideas in particular 
modes of thought and of expression, we believe that all 
children have a right to demand of us the opportunity of 
appreciating the meaning of these We recognise fully the 
fact that the genius of the Western peoples has found very 
iich and satisfying expression in a literature and an art of 
high excellence, but we would urge that their peculiar intel¬ 
lectual gloiy has been the creation of a Natural Science which 
is far m advance of that of eaiher times 

No one can be consideied tiuly cultured who has nevei 
had his imagination stirred by this gicat adventure—the 
scientific exploration of natural phenomena. Of all the claims 
made for the inclusion of Science in a school curriculum, one 
of the stiongest undoubtedly is that which stresses the cultural 
value which the subject possesses. 

The foiegoing considerations lead us to the conclusion that 
we should arrange our courses in as libeial a manner as pos¬ 
sible, and that they should be designed to cover a wide range, 
at any rate in the initial stages. 

Tuimng now for a moment fiom the subject-matter to the 
pupils that we teach, we should realise that Natural Science 
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is unique m the appeal it may make to their spirit of inquiry. 
Any method of teaching which destroys that curiosity is fore¬ 
doomed to failure. Children are so inquisitive about them¬ 
selves and their environment that it is folly not to take advan¬ 
tage of the opportunity which they themselves offer us to 
teach them the things they are eager to know. Stated thus 
briefly, the matter seems simple, but it must be remembered 
that the interests of children change rapidly between the ages 
of eleven and sixteen years. Suffice it now to say that, in 
framing our syllabus, the natural curiosity of the pupils in¬ 
fluenced us at least as strongly as the logical sequence of ideas 
with which we as adults have become familiai 
j General Science should therefore be a course of scientific study and 
investigation which has its loots in the common experience of children 
and does not exclude any of the fundamental sciences. It seeks to 
elucidate the general principles observable in nature^ without emphasising 
the traditional division into specialised subjects until such time as this 
is wai ranted by the incieasing complexity of the field of investigation, 
by the developing unity of the sepaiate parts of that field and by the 
intellectual progi ess of the pupils ■ 
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4. CONSTRUCTION OF THE BASIC SYLLABUS 

The cuteiia which were postulated as governing the selection 
of subject-matter in the “ Minimum Syllabus ” (see Teaching 
of General Science, Part I, Chapter 5) were— 

(1) The subject-matter chosen must be such as to ‘ call 

forth activity on the part of the pupils ’ (p 17). 

Hence it must interest them as much as possible 

(2) ‘ Eveiy item in our syllabus should lead to the under¬ 

standing of fundamental scientific principles ’ (p. 18) 

(3) Tlie syllabus must provide ‘ a field suited to the cultiva¬ 

tion of those habits, interests and sentiments which 

are fundamental to Science ’ (p. 18) 

Following the procedure which was adopted for the selec¬ 
tion of material in T G S, Part I, the Committee divided into 
three panels, one for each of the Chemistry, Biology and 
Physics sections Each panel consisted of three members, 
one of these drew up a list of ‘ contacts ’ for his part of the 
subject, le topics in which pupils would be inteiested and 
with which they might well expect to become familiar ; 
another member set down the principles which were con¬ 
sidered fundamental to an understanding of the subject at 
the stage being considered; and a third member had the 
task of correlating the material provided by the other two 
This procedure led to the first draft of each section The 
material was then arranged under appropriate headings with 
a suggested allotment of periods for each, and notes were 
added to indicate the kind of treatment suggested. 

A consideration of the time allotment for the course was 
naturally involved in this selection of subject-matter. The 
oiigmal Report set forth a syllabus for “ the barest minimum 
of Science with which all boys who pass through our Secondaiy 
Schools should be acquainted” (p 21) and the time basis 
agreed upon was 16 year-periods. But this adoption of the 
“ barest minimum ” has provided a lever for those who impute 
supeificiality to General Science and a supposed excuse for 
the. reduction of time allowance for Science courses in some 
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schools This IS a general tendency which will, no doubt, be 
accentuated by the changed regulations for the General Cer¬ 
tificate of Education It was decided, therefore, to plan for 
a basic course of 20 year-periods of 45 minutes each, as being 
the minimum time for the subject to receive adequate attention 
with any reasonable hope of securing the third criteria men¬ 
tioned above, viz the ” cultivation of those habits, interests 
and sentiments which are fundamental to Science ”, whilst at 
the same time realising that many schools will have a more 
liberal time allotment. 

The drafts of all the sections were next subjected to a careful 
scrutiny by the whole Committee ; m the course of this pro¬ 
cedure, many valuable discussions were embarked on, leading 
to much rearrangement of topics and the introduction of many 
amendments It is interesting to notice that each member of 
the Committee acted m two different ways during the con¬ 
struction of the Syllabus as a specialist in at least one branch 
of Science when contributing to the collection of material and 
as a General Scientist during the critical stage of examination. 
It IS hoped that the final Syllabus will therefore be acceptable, 
not only as a coherent plan of work m General Science, but 
also as a suitable background for more advanced studies in 
any of the separate Science subjects. 

The number of periods to be devoted to each part of the 
Syllabus is shown in brackets. It is quite likely that different 
teachers will spend more or less time on any portion—indeed, 
it IS most desirable that there should be this variety of treat¬ 
ment ; the estimate of periods for each portion is intended 
merely as an index to the depth of treatment which the Com¬ 
mittee had in mind when making these proposals and the 
whole scheme is put forward as one possible way of dealing 
with this subject-matter The phraseology used is not the 
calculating, legal idiom of the examination syllabus, nor is it 
suggested that all the topics referred to in the syllabus are 
suitable subjects for examination 

For reasons stated in the Intioduction and in the chapter 
on Practical Work, it has been thought advisable to put for¬ 
ward a scheme of Practical Work to accompany each section 
of the Syllabus now presented. Vaiious membeis were asked 
to draw up their own schemes first and then to compare later ; 
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a remarkable feature of this procedure has been the close 
correspondence between these hsts which were, of course, 
drawn up independently. In those few cases where one mem¬ 
ber, advocating individual experiments for a given topic, 
diflFered fiom another member advocating demonstration, 
there was rarely serious difference of opinion and either treat¬ 
ment might well have been adopted These lists of experi¬ 
ments will, it is hoped, prove beyond doubt that there is no 
ground for the above-mentioned criticism (see p. 3 ) and 
prove a useful guide to less experienced teachers. But they 
should be regarded only as possible ways of treating the 
subject, i.e. as suggestions rather than as recommendations 
It IS instructive to compare the “ Minimum Syllabus ” with 
this revised Syllabus, as set out in Chapter 6 . A detailed 
comparison is left to the reader, but one 01 two points descive 
comment The content of the Biology Section was the sub¬ 
ject of much interesting discussion In a Chemistry course 
it is difficult to avoid a more or less conventional and logical 
sequence of subject-mattei and the same is true of each sub¬ 
division of Physics , but there are different possible sequences 
for the development of a Biology course The present scheme, 
which is considered to be a more successful synthesis than the 
earlier one, leprcsents an attempt to combine the advantages 
of both the “ natural history ” and the “ physiological ” modes 
of appioach In framing the Biology Section it was agreed, 
after careful examination of existing syllabuses, that the fol¬ 
lowing principles be used as the basis . ( 1 ) the essential inter¬ 
dependence of animals and plants, ( 2 ) the matter-energy 
relation, by which is meant the chemical and physical pheno¬ 
mena which are essential to life, and (3) the necessity for all 
living organisms to adapt themselves to their environment 
It IS recognised that these principles are not unconnected 
and they should therefore not be taught separately, but they 
should be always present in the background of the teacher’s 
mind throughout the course, and it is hoped they will be 
perceived by the pupils at the end The cell as a unit of life 
can be used further as a unifying factor. It will be noticed 
that in the first year the natuial mteicst which children have 
111 familiar animals and plants is utilised and the matter- 
eneigy piinciple is gradually introduced in the second and 
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third years when the chemistry and physics portions of the 
syllabus give the best support, and the adaptation principle 
IS exemplified in the fourth and fifth years. 

The interdependence principle, whilst studied in some of 
the lessons of course, can best be impaitcd by a study of some 
particular habitat during field excuisions and by the study of 
creatures in vivaria, aquaria, school gardens, and the like. 
(Town schools may only be able to do the latter ) The course 
throughout aims at extending the pupil’s range of contacts 
with Ins organic environment, thus helping him to understand 
more fully such questions as food and water supply, problems 
concerned with medicine and hygiene, some simple fkets about 
heredity. At the same time, it is hoped that this course will 
produce a widening of interests resulting from an informed 
knowledge of the countryside 

The present Chemistry section seeks to meet criticism which 
has been voiced that Chemistry was neglected in the “ Mini¬ 
mum Syllabus ” by the inclusion of rather more material, 
with the result that a more equitable distribution of time 
between the branches is obtained. Moreover, one of the 
much-heard objections to General Science that we have tried 
to meet is that it does not form an adequate grounding for 
Sixth Form work, and by introducing more Chemistry we 
have tried to remedy what some have felt to be a defect. 

The changes in the Physics Section are not so easily traced 
at first sight since they are, for the most part, concerned with 
minor amendments and transpositions Work on electrolysis 
and cells, for example, has been removed to the Chemistry 
Section. Some portions, as for instance work on friction, 
surface tension and vector quantities are not included ; it is 
argued that these belong, more correctly, to the Extended 
Syllabus One likely outcome of these changes is that a more 
thorough treatment of the Physics will be possible m the 
available time. 
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5 PRACTICAL WORK 


Science is laigely experimental and the teaching of Science 
should be based on experiment or observation. In the early 
stages, in particular, there should be in every lesson some 
specimen to be observed or some apparatus, however simple, 
to be manipulated. A good Science lesson is an inquiry, an 
investigation. The class should be led from the familial, 
everyday phenomenon, or from some familiar everyday appli¬ 
cation of Science, to inquire further into its nature ; and if 
this inquiry is to be conducted scientifically it will be neces¬ 
sary to make direct obseivations or the controlled observations 
wc call expeiiments. So strongly do we feel this to be so 
that we have prepared a schedule of suggestions for suitable 
practical work for every section of the syllabus 

It should not be thought that we are proposing that every¬ 
thing that is learnt in a Science lesson should be elicited from 
expeliment; school life is too short for that; nor should 
experiments be given to a class just to give them something 
to do; each class experiment should justify the time and 
expense it necessitates. Much information will be imparted 
didactically or derived from reading, but this should be re¬ 
gal ded as information acquired from more or less reliable 
authority, not as knowledge acquired by scientific technique, 
and, we emphasise, rarely should a lesson be devoted wholly 
to study of that kind 

Nor must it be supposed that we are suggesting that every 
investigation should be conducted entirely by the pupils 
Even if that were possible it would still be undesirable to 
deprive them of the valuable lessons they cam^lcarn by watch¬ 
ing the skilled manipulation of the teacher jSo while we do 
asseit that wherever possible the investigation should be pei- 
foimed by the pupils themselves, either at their benches or 
in the field, nevertheless occasions do arise when the manipu¬ 
lation must be wholly or partly in the hands of the teachei 
and what has been called a demonstration lesson is desirable. 
This will happen when the expei iment would be too danger¬ 
ous in unskilled hands, oi when the necessary equipment is 
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too expensive, or when it is necessary to complete a piece of 
woik more quickly 

This so-called demonstration may still be an investigation 
and need differ from the class expeiiment only in that one 
set of equipment is used instead of many and that the manipu¬ 
lation IS partly, or sometimes wholly, in the hands of the 
teacher. For this kind of lesson the term demonstration is 
not really appropriate. It is, of course, possible to demon¬ 
strate, but we do not think that, in general, it is the best 
technique. ‘ To show that, when hydrogen burns m air, 
watei IS formed ’ is to demonstrate ; ‘To investigate the pio- 
duct of the burning of hydrogen in air ’ is an experiment 
which IS safer in the hands of the teachei. The experiment 
should be directed by the class and individual pupils may 
take part, for example, in testing the liquid product. The dif¬ 
ference lies in the mental attitude and a lesson of this bnd 
may be as stimulating to the class as individual practical work. 
Indeed, it may well be true that certain types of pupil, whose 
abilities are not manual, derive greater satisfaction and acquire 
a clearer knowledge from this vicarious experimentation 
^ Demonstration in the true sense has, of course, its limited 
“place in the Science course when we wish to teach some neces¬ 
sary skill, e.g the use of the chemical balance, or when the 
operation is too difficult for the immature pupil, e g. the 
dissection of an animaffS 

/it has been thought by some that by reason of the breadth 
oftihe General Science syllabuses it is necessary, m order to 
cover the ground, for experiment to be replaced by “ talk and 
chalk ”, or at least for the teacher to perform most of the 
practical work, so that the class is taken on a sort of char-a- 
banc tour of Science. This idea we most strongly resist. The 
normal child soon loses interest in a conducted tour, but he 
IS avid in his desire to explore for himself; and by careful 
planning of the piactical work, by excluding much of the 
foimal and repetitive work winch has often characterised the 
teaching of Physics and Chemistry, and by a wide employ¬ 
ment of the simple and often beautiful methods which science 
masters have devised (many of which have been described in 
the School Science Review and the “ Science Masters’ Books of 
Expeiimcnts ”), we believe that this can be achieved. It 
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should always be icmembered that we are aiming at giving 
the pupil a broad general educabon, and not, at this stage, 
making him into a skilled technician. Thus, for example, we 
should be satisfied if he has shown that there is a eonstaiit 
relationship between the quantity of oxygen and hydrogen 
that entei into reactions with a given mass of metal without 
requiring him to attempt a senes of determinations of equiva¬ 
lents of doubtful accuracy and subsequently to solve numerous 
aiithmetical problems to illustrate them. 

This should not be inter pi eted as meaning that in teaching 
General Science we can be content with slovenly and inaccurate 
knowledge ; on the contrary, it must be insisted that Science 
IS an exact study, and that measurement is fundamental. A 
glance through the syllabus will show how many of the experi¬ 
ments we suggest involve some quantitative work. But we 
resist the idea that measurement for its own sake is of high 
value m a general education 

Measuiemcnts should be made, and the skills of weighing 
and measuring taught, when the need for them has been 
realised , and the degree of accuracy demanded should be 
related both to the problem and to the stage of development 
of the pupil. Thus, for example, to give m the early stages 
of a Science course a full description of the chemical balance 
and then to make determinations of, say, densities as exercises 
m the use of the balance, we believe to be a fundamentally 
wrong approach and one wasteful of time. 3 

If we recall the history of almost any scientific development 
we see a completely opposite approach. In the determina¬ 
tion of the Gravitational Constant, Maskelyne used a moun¬ 
tain for his mass , later Cavendish used a torsion balance 
with a six-foot beam and masses of lead one foot in diameter , 
still later. Boys employed a greatly refined torsion balance 
with a nine-mch beam So m our teaching in the early 
stages we recommend the use of large masses and direct- 
reading balances, e.g. household scales In this way rapid 
determinations are possible and the issue is not confused by 
difficulty of manipulation or computation. Later, when the 
need for greater precision has been felt, or when the masses 
to be handled are necessarily small, the refinements of the 
chemical balance should be given. By this time the pupil is 
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more iiiaLure, masLeiy can be achieved in a much shorter 
time and the woik acquires that fastei tempo which should 
characterise the teaching of General Science 

The same, of course, may be said of all measurements • 
thus an early measurement of length will be the height to 
which water rises in a bell-jar after burning phosphoius, 
while, later, expansion of solids may involve the use of the 
micrometer or vernier 

Whilst individual practical work of a quantitative natuie 
in Physics gams much m clarity by an increase m scale, much 
of the necessarily qualitative work in Chemistry can, with 
advantage, be performed by pupils using small quantities of 
matciials. Such small-scale work, besides leading to a con- 
sideiable saving of time and reagents, enables pupils to do 
for themselves many experiments which, on account of cither 
expense or possible danger, would otheiwise have to be demon- 
sLiatcd by the teacher. For example, many reactions may be 
carried out with drops of solution on a cavity tile or glass 
plate, gases may be collected and their properties studied m 
test-tubes or specimen tubes instead of gas-jars. For refer¬ 
ence to recent work in this field, which piovides many oppoi- 
tumties for research by teachers, attention is directed to the 
bibliography 

Ia perusal of the instructions given for practical work in 
many text-books shows that it is still necessary to add two 
cautions. The first concerns the tendency to make general¬ 
isations from one instance ; for example, from an experiment 
on the expansion of iron, it is not possible to infer that “ solids 
expand on heating ”. It is true that it is neither possible nor 
desirable for each pupil to repeat his investigation with a laige 
number of instances, but where the experiment is conducted 
by the class, individuals can frequently be given different 
examples and a generalisation can be infcired from the class 
lesults When this is not possible, the conclusion from the 
cxpeiiment is specific and, while a generalisation will fre¬ 
quently be supplied by the teacher, it is a grave disservice 
to Science to allow the pupil to suppose that his experiment 
has established it. The second coiiccnis telling the pupil in 
advance the results he should expect from his experiment. 
To do so IS to rob him of any chance of experimenting at all, 
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His iiiLerest is then centred on getting the “ right result ” and 
he IS no longei able to investigate. It is always necessary to 
give him precise instiuctions about procedure, but he should 
be taught to piide himself on the integrity of his own obsei- 
vations. 1 

We hg/ve dwelt on this question of practical work because 
there appears to have been widespread misunderstanding of 
the intentions in this matter of the authors of the previous 
Report The aim has always been to secure in the General 
Science course a breadth of treatment, not by the reduction 
of practical work, nor by the replacement of individual prac¬ 
tical work by demonstration, but at the expense of many of 
the academic exeicises winch have become traditional in the 
teaching of the specialised branches of Science. If m the past 
some of the work that has been called General Science has 
been inadequate, whethei for the average pupil for whom it 
lepiesents the whole of his scientific studies, or for the fcwei 
foi whom it has to be the foundation for further more special¬ 
ised scientific training, all we can say is that any subject can 
be badly taught, and while any part of Science can be so 
taught as to be a valuable discipline, surely it is better that 
this discipline should be acquired against as broad a back- 
giound as possible than that it should be narrowly confined 
to one type of investigation. 

(For an excellent discussion of aims of practical work, see Science and 
Education, S. R Humby and E J F James (Cambiidge) ) 


22 



6. THE BASIC SYLLABUS 

PRESENTATION 

Having arrived at the content of a syllabus it was necessary 
to choose a form in which to present it. FoUowing the example 
of our predecessors we decided “to maintain the customary 
classification into the three mam branches of Science though 
not implying that this division need be maintained when 
teaching” (r.G. 5.5 Pt. I, p. 22). 

Some may still feel that this is wrong in principle and that 
General Science should be presented as a unified whole. It 
is tiue that the environment of the child is undifferentiated 
and that it is wise as an approach to choose some “ topic ” 
which captures interest and provides a bridge between the 
various parts, yet we feel that such approaches belong lather 
to methods of teaching than means of presenting the syllabus, 
winch after all is the mere skeleton to which the teacher must 
add the flesh and blood. 

It IS also certainly true that “ whatever scheme teachers 
may adopt it will be found in practice that they soon group 
hke with like so as to exhibit logical connections, thereby 
reaching a division of their field of study not so very different 
from that usually adopted” {T,GS, Pt. I, p. 23) Indeed, 
we would add that the history of science itself shows that it 
IS upon such successful groupings that progress has largely 
depended. The “ topic ” method of approach has its greatest 
value in the early years of the course and here we would make 
It clear that we envisage that at least for the first two or three 
years of the course it will become increasingly common that 
all the science teaching of a particular form will be in the 
hands of a teachei working in an “ undifferentiated ” labora¬ 
tory Under these circumstances he may range from one 
section to another according to his own method of approach. 
We conclude this chapter with some examples of “ topics ” 
that have been found successful in practice. We would, 
however, add a warning that if the use of such “ topics ” is 
pushed too far the method may easily raise more difficulties 
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for the pupil than it icmovcs. We have decided to abandon 
the broadsheet method employed m the pievious repoits, 
fiistlY because it has proved to be somewhat inconvenient 
in piactice and secondly because we wished to add matter 
on piactical work, etc, which would have made the sheets 
too clumsy This has the disadvantage, however, that it is 
not so easy to follow the relation between the subject-matter 
in the three sections. When considering the order in which 
the subject-matter should be presented it was found that 
correlation was most satisfactorily achieved on the basis of 
the Biology syllabus The content of the Chemistiy section 
was where necessary arianged to support the Biology. The 
1 elation between the Physics and the other two sections was 
found to be less close than that between the Biology and 
Chemistry ; accordingly, after seeming that such Physical 
topics as are required in the other sections were introduced 
111 appropriate places the mam criterion in deciding the order 
m this section was the stage of development of the pupils 
There is divergence of opinion among teachers as to the 
ideal method of approach in the Biology Section of the work. 
For example, some would advocate the approach by way of 
Field Studies, while others who regard the pupil’s own body 
as his most immediate envnonment would make human 
physiology the first consideration. The order set out in this 
Report was arrived at after considerable discussion by the 
whole Committee. Even so, it was felt desirable to indicate 
alternatives, particularly m the work of the first year. We 
do not expect that our scheme will receive universal accep¬ 
tance nor do we wish this. Indeed, we would emphasise 
stiongly that our proposals as a whole lepresent but one 
possibility among many of ananging the woik, and we hope 
that they will be used by way of guidance by schools in fram¬ 
ing their own schemes in the light of their special ciicuin- 
stanccs and requirements, rather than as prescriptions to be 
followed m detail Although our syllabus has been set out 
on the basis of a five-year course, we lealise that there are 
likely to be considerable variations in the organisation of dif¬ 
ferent schools and of different ‘ sides ’ in the same school. It 
appeals that these vaiiations arc much more probable in the 
fourth or fifth years than in the first three. With this situa- 
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tion in mind the material of the first three ycais of the comse 
has been designed to have a unity of its own and to be a 
foundation upon which a variety of superstructures can be 
laised. We hope, however, that the subject-matter of the 
entile basic syllabus will be introduced at convenient stages 
during the school life of eveiy Grammar School pupil, since 
in our view it represents the minimum scientific equipment 
foi the intelligent appreciation of his environment. 


T.G.S. 
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Undo the heading “ Piactml Work ” in the details of the syllabus, 
mattei in italics is probably moie suitable for demonsUation than for 
individual woik by the pupils, 

S.S R = School Science Review 
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Introductory Study of the F lower¬ 
ing Plant, Frog, Insects 
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Possible break for winter 



YEAR I—Biology {continued) 

PERIODS CONTENT COMMENTS PRACTICAL WORK 

(3) 7 Responses of insects and the fi'og. Colour change in white butterfly 

Light, contact and chemical pupae in coloured boxes Res- 
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10 The Flower. Structure and func- 



tion Pollination, feitilisation parts Show other flowers brought 

and growth of seed. in by pupils have similar structure 

Collect observations on pollinat¬ 
ing agents m the field Germina¬ 
tion of pollen giains m sugar 



concentrate all the biology into the Spring term, others may wish to commence with 
Section G. In planmng the work careful note must be taken of the seasonal considerations 
and consequent availabihty of material Some may prefer to read the above table horizontally 
instead of vertically, i e bv deahng with one physiological process (e g. respiration) at a time 
with all three orgamsms, thus making a kind of comparative study of the activities of living 
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YEAR I —Physics [continued) 

PERIODS COJ^TEIfT COMMER-TS PRACTICAL WORK 

attached pointer. (If tubes heated 
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Possibility of using expansion as a Relation of scales not Thermometers, C and F, used to 
means of measurmg temperature to be laboured. measure the temperatures of tap 
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YEAR I—Physics [continued) 

PERIODS CONTENT COMMENTS PRACTICAL WORK 

Comparison of conductivities by then 
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Convection currents in liquids. Convection currents tn liquids 

Small flame heats beaker or flask 
containing small balls of blottmg- 
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(c) Wins of same material of squat 
lengths and drffeient noss- 
sections ate used 
Set up simple 2-volt circmts 
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Pi eparation of hydrogen (a) from cold Link with activity senes Preparation of hydrogen by action 
water, (b) from steam (mcluding discussed m Section of water on calcium Action of 

reversible reaction with iron), (c) IV. steam on heated magnesium 

by replacement from acids (Simple apparatus for this is given 



in 6-5 iJ, 84 (1940), p 1143, 
98 (1944), p 95) 

Action of steam on heated iror 
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Preparation of zinc sulphate—a salt Preparation of zmc 

iby replacement of hydrogen fiom hydrogen prepara 

an acid 

Analysis of water by electrolysis Electiolysis of water 
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Pressure m liquids 

Gas-jar cover-glass held against end 
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YEAR II —Physics {continued') 

PERIODS COMTENT COMMENTS 
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and blackened ‘ tm ’ plates having 
thermometer holders at the back 
of the plates 
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Vapours ^ Saturation IVTolecular JSdention. of superJieat- TnvisihiLity of water vapou? demonstrated 
explanation of phenomena ing, by passing steam through heated copper 

spiral [paper. 

Ideas extended to atmosphere Hot steam detected by charring effect on 

Condensation, clouds, fog, etc. Vapour-pressure fountain. 



Saturation and conditions for dryung 
Cooling by expansion Bulb of air- 
mercury index thermometer enclosed in 
IP^inchester bottle 

Bicycle value in bung of bottle enables 
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Making magnets by stroking Magnetise clock spring by single 

touch, testing effect on boot sprigs 
after a given number of strokes up 
to saturation Break and test 
one-half of the clock sprmg 
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Destruction of magnetisation using a 

Destruction of magnetisation e^ nickel pendulum and A C solenoid 

ing, rough usage and A G solenoid lUustration of magnetic theory by 

Breaking of magnet as approach to 



molecular hypothesis and idea of use of test-tube of iron filings and 

molecular magnets Possibility of collection of compass needles 

explaining observed effects in terms Demonstration of other effects of 

of this hypothesis Test of this electric current 
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Electrolysis of water. Test gases 
(AG and D G ) 

Total 36 Elect) opiating and elecirotyping 
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Acids, bases and salts (including 
soap) Geneial properties of acids 

and bases !Methods of preparing Use of burette and All methods of salt formation given 
salts . (a) action of acid on metal, pipette can now be in the syllabus 

(6) neutr^isation, (c) action of acid introduced Also m- 
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Flame and explosion The Bunsen Experiments on the Bunsen burner 

burner. Structure of flames and —flame structure, hghting back, 

their coloration Gas/air mix- See S S R, 74 (1937), etc 

tures. PP 173—81. Combustion of coal gas/air mixtures. 
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water. 
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Force and lift pumps. The human Force pump 

heart as a pump. Methods of 

reducmg and increasing pressure. Lift pump 

Total 19 Filter pump 




> 

1—1 

< 

H 

pH 


V 

V 
& 


g 



^ ^ ti 

§«^ S -a rt I' 

g g h -S §3 g 

5 C3 Q, in 

^ i ^ 3 


3 

L#h 

^ ^ S S 


^ St R w ^ 

■3 V. ^ 5 




YEAR IV-—Biology {continued) 

PERIODS CONTENT COMMENTS PRACTICAL WORK 
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YEAR IV —Chemistry {continued}) 

PERIODS CONTENT COMMENTS PRACTICAL WORK 

Revise air as a mix¬ 
ture and water as a 


u 

cd 

o 


<L3 


3^'g 

*§ "d tj 

ts u g 
•^ § d 
o n 
^8| 

ft 


1^ 

S y 

ft M 


I 

o 

u 


go 

t) Ti 

g g 

'o u 

J-( t/1 

tip 

1 ) 




Tl 

OJ 

a 


H3 


H ^ 

H o 
M S 
O T3 



O 

o 


o 

W T3 

w g 

I ^ 

s ^ 

H O 
CO i3 

^ W 


6 « 

Id 

i 

II i 

c ^ s 

ft S "d 

3 g fi 
u d 
im In 4! 
o o .3 
1.1 

OT OT n 
i-« pM V 

w «/5 riJ 

o o 'i 

^ « 3 

o u Sd 

•-H 

H pq 


70 


90 (1942), pp 172- 
178) 

Electricity by chemical action Pn- Link with Activity The setting up of simple cells 
mary cells Depolarisation Series Polansatioii and depolarisation of a 

simple cell 



Secondary cells—reversible nature. Making a simple accumulator with 

two lead plates in dil H 2 SO 4 

Uses oF electrolysis—electro-plating. Simple treatment oF ex- Extraction oF zinc From zinc sulphate 
extraction oF metals, etc traction of magne- by electrolysis 
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Colour defects of eye Mention of Colour faUgue 

dispersion effects in lenses and 
Total 56 achromatic lenses 
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PERIODS CONTENT COMMENTS PRACTICAL WORK 

mg ways in which organisms are has been going on discussion. Keeping selected 
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:xperimental investigation of heating Dependence of heating effect on 

effect Energy as P.D. x Qnan- current and on resistance. 
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absence of friction When friction 
IS present, heat is produced 
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[Time allocation for whole syllabus Biology 166 periods. Chemistry 155 periods, Physics 198 periods] 



AN EXAMPLE OF THE TOPIC METHOD 


As has been mentioned m the foreword to this chapter, teachers 
of General Science often arrange their work, particularly in 
the early stages, around suitably chosen ‘ topics ’, in ordei to 
exhibit the essential unity of Science The following is an 
example founded on actual experience of a three-year course 
in General Science arranged in this way, which includes much 
of the work we have recommended foi the early years of our 
Basic Syllabus The work of each term is divided into three 
sections, A, B, and C, and these sections may be taken m 
any order. The unity of each term’s work is emphasised and 
a thorough revision of each aspect of the work is made at the 
end of the terra. 

In addition to the work set out in the syllabus, continuous 
observations along the following lines are started at some 
convenient time • 

{a) Nature Diaiy—lecording such things as the first appear¬ 
ance of flowers, migrants, frog spawn, butterflies 
(collection and identification of living things to be 
encouraged), 

(i) rainfall, maximum and minimum temperatures, baro¬ 
meter readings, etc., are kept daily and recorded 
graphically. 

The approach to the work is the study of things around us 
and the relation of these things to us as living beings , thus 
a study of the air suggests itself at once and is followed by a 
study of water, earth, etc. An ordnance survey map of the 
district is posted in the laboratory and is referred to as fre¬ 
quently as possible in conneebon with rambles, the town’s 
water supply, the habitat of certain living things, etc. 

FIRST YEAR 

First Term. Air. 

Human bemgs sufibcate if deprived of air. Buildings must 
be adequately ventilated. Flying. A fire burns best if it has 
a proper supply of air. What is air made of^ 
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AN EXAMPLE OF THE TOPIC METHOD 


A The air in relation to living things 

Study of breathing m the human being The difreience 
between impired and expiicd air Expned air eontains gas 
which turns lime-water milky. Gall this gas carbon dioxide. 
Since many living things breathe out caibon dioxide, can 
we detect it in the air ^ Show that it is present in small 
quantities. 

Mechanism of bicathing m the human being . mouth, nose, 
windpipe, lungs, iibs, diaphragm 

Upkeep of vivaiia and study of external featuics and habits 
of any interesting animal types, with, if possible, observations 
of then breathing 

B. What IS air composed of? 

Living things and buining substances use air. Do they 
use all or pait ^ Burn things m a limited supply of an, eg 
candle in a bottle (not candle over watci). Choose strongly 
combustible substance, eg phosphoius (mention matches) 
and bum in a bell-jar over watei. Air contains ^ volume 
active gas—name Oxygen and volume inactive gas—name 
Nitrogen. 

Living things suffocate m nitrogen. Living things use up 
oxygen from the air in breathing 

Rusting of lion (a) uses up oxygen from the air, (h) needs 
both oxygen and watei. 

Water contains dissolved air—importance for aquatic life. 
C Ventilation, Wind. 

Methods of ventilating a room. A fire assists in ventilation. 
“ Hot air rises ” Experiments to demonstrate the movements 
of an when it is heated. Ventilation of mines, old and new 
(Use term convection ) Experiments to demonstrate that cold 
air sinks. Convection currents Winds. Regular observa¬ 
tions of rainfall, temperature and atmospheric pressure 
Charts of these. Experiments to illustrate the principle of 
the aneroid barometer. 

Second Term. Heat 

Living things respond to warmth and protect themselves 
from cold. Many substances change when they aie heated 
Substances expand on heating, e.g the liquid in a thermometer. 
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AN EXAMPLE OF THE TOPIO METHOD 

A How living things adapt themselves for winter. 

Examples of hibernation. Hedgehog. Migrants Gold- 
and warm-blooded animals Body temperature. Trees m 
winter. 

Spring : awakening to activity. Exanunation of leaf-buds. 
Experiments on germination of seeds : effects of warmth, 
light and moisture. Germinating seeds give off carbon dioxide 
and also produce heat. Development of the seed. 

B. Examination of common substances. 

Note carefully their appearance, touch, density, action of 
water, and especially the action of heat. 

(a) Various metals, e g copper, lead, iron, zinc, magnesium. 
{b) Various salts, e.g. common salt, washing soda, blue 
vitriol, nitre and potassium chlorate. 

G. Expansion, etc. 

Expansion of solids solids expand in all dnections on 
heating and contract on cooling, but the amount of expan¬ 
sion and contiaction is veiy small nevertheless the force of 
expansion and contraction may be very great Equal lengths 
of different solids, when heated equally, expand by different 
amounts. Bimetal strip 

Applications of expansion of solids. Gases in which expan¬ 
sion is a disadvantage and how the difBculties are overcome 
Expansion of liquids in a containing vessel Equal volumes 
of different liquids, when equally heated, expand by different 
amounts 

Expansion of gases : amount of expansion is considerable. 
Theimometers based on expansion of solids, liquids, and gases 
and their lespectivc merits 

The transference of heat by conduction. Good and bad 
conductors and their uses. 

Third Term. Light and Oxygen. 

The air contains oxygen and nitrogen ; we have isolated 
the nitrogen, can we isolate the oxygen ^ 

Study of a flowering plant and the effect of light on it. 
Study of light and colour. 

A. Study of a green heihaceous plant, e.g. buttercup 

The flower and the functions of its parts. The leaf Pro- 
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AN EXAMPLE OF THE TOPIC METHOD 


duclion of oxygen by green leaves in sunlight only. Photo- 
synthesLS. Demonstrate starch production The stem and i oot. 

B. Metals lusting in air take up oxygen from it. Gan we 
make the lust give up its oxygen^ Lavoisier’s and Priestley’s 
expeiiments on mercury “ rust ” (oxide) Preparation of 
oxygen fiom it. Preparation of oxygen from potassium 
chlorate and manganese dioxide or potassium permanganate 
Properties of pure oxygen Metals and non-metals burn in 
it, forming their oxides The oxides of non-metals dissolve in 
water to give acids—which turn litmus red The oxides of 
metals, if they dissolve in water, give alkalis. 

Acids and alkalis neutralise each other to give salts 

0. Green leaves kept in the dark lose their coloui and the 
plant dies. Plants grow towards the light. Light is piodueed 
by hot bodies, e g. the sun, flame, electric lamp To produce 
light the body must be hot enough Light travels in straight 
lines. Light is leflected from a plane surface so that the angle 
of reflection is equal to the angle of incidence White light 
passed through a coloured glass acquires the colour of the glass. 
White light passed thiough a triangular prism emerges in 
rainbow colours—spectrum. 

White light is composed of the spectrum colours. 
Transparent and opaque colours explained. 

SECOND YEAR 

Fiist Term. Water 

Water is impoitant to all living things. Some living things 
exist entirely in watei. The water supply of a town. What 
IS water composed of^ 

A Impoitance of water foi living things. 

Aquaria. Their aeration by mechanical means and by 
green weeds. Study of a typical fish including external 
features, locomotion, respiration. Fresh water snails. 

B Tap water and its impunties. 

Pure water. Distillation. Solvent action of water. Action 
of substances on water copper sulphate (growing of crystals), 
zinc, copper, sodium, potassium and calcium. 
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AN EXAMPLE OF THE TOPIC METHOD 


Distinction between physical and chemical actions. 

Pi cpai atioii of hydrogen from steam by means of iron or 
magncsmni. Use of hydrogen in airships Water contains 
hydrogen. 

G. The towris water supply. 

The reservoir. The water-towci. Reason for the water- 
tower, “ Water finds its own level.” Pressure depends on 
head of water. Manometers. 

Rain, evaporation and condensation. Cloud, fog, dew. 

Second Tern. Buoyancy and Flight 

Hydrogen is used foi balloons. What is the explanation 
of buoyancy ? Study of living things which fly. Further 
study of hydrogen and water. 

A. Study of a typical bud External features, habits, loco¬ 
motion. Special adaptation to flight. Ty]ics of buds found 
in the neighbourhood. Other winged cieatures 

B. Piepaialion and propeilies of hydtogen in detail 

The analysis of water by means of an electric current. 
Water consists of two paits by volume of hydrogen united 
to one part by volume of oxygen. The synthesis of water 
by burning hydiogen in air. Detecting the presence of water. 
Tests of purity. The volumetiic synthesis of water. 

C Buoyancy and its relation to density. 

Simple methods of measuiing the densities of solids and 
liquids. Flotation. Ships. Hydrometeis Airships. 

The hot-ivatei system. Convection in water explained 
The motoi-car radiator. Air has weight. Convection in air 
explained 

Third Teim Water. 

Further study of life in watci. Water in the atmosphere. 
Further uses of hydrogen. 

A. The lifc'history of the fog 

Further study of pond life Observations of living creatures 
(visible to the naked eye) obtained on pond-dipping excursions. 
Mamie aquaria. 
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AN EXAMPLE OF THE TOPIC METHOD 


B. The oxy-hydiogcn, the oxy-acctylcnc flames and the gas 
flame Sti nature of flames Watei and carbon dioxide are 
produced when coal gas is burnt. 

Diffusion of hydiogen. The gas ahum. Explain by very 
elemental y theory of molecules 

The winning of metals, by reduction of oxides with hydiogen 
and with carbon 

C. Water in the atmosphere , demonstrate by chemical 
and by physical means. Evaporation. Pioduction of cold 
Butter-cooler. Refiigeiators Fieezing-point of water Wet- 
and dry-bulb thermometer. Humidity and health. Good 
and bad absorbeis and radiators of heat. The theimos flask. 


THIRD YEAR 

First Term Energy 

A. Vital energy. 

The steam engine , chemical cncigy changed to heat energy 
changed to mechanical energy. 

The animal . its differences from an internal combustion 
engine 

Study of rabbit habits, external features, skeleton, food, 
dentition, ahmentaiy canal. Thioughoul compaie with 
human being. 

Levers. 

B. Chemical energy 

Coal-mining. Origin of coal Coal-burning heat of 
combustion, products of combustion 

Distillation of coal and wood Ghaicoal and coke, gas, tar 
and ammonia. 

The gas woiks. 

Petroleum, petrol, paraffin-wax, vaseline. Firedamp and 
natural gas. 

The petrol engine. 

G. Electrical energy. 

The dynamo as source of electrical energy . mechanical 
energy to electrical energy. 

The electric batteiy chemical to electiical eneigy. 
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AN EXAMPLE OF THE TOPIC METHOD 


The elecliic current and its effects : (a) physiological, 

{b) chemical, (r) magnetic, (d) heating 

The electromagnet. Malang magnets Piopeities of mag¬ 
nets. The electric bell. 

Second Tern. The Earth. 

A. The Emth and its place in the universe 
The solar system Seasons. 

Suitability of the earth for life • temperature Atmosphere. 
Moisture 

Soil. Its origin. Composition and kinds of soil Peime- 
abdityandcapillaiity. Elementary suiface tension Plants in 
relation to kinds of soil. Fertilisation of soil Animals of the 
soil, e.g. earthworm or mole. 

B The earth's crust 

Silicon, sand, silica, silicates. 

Limestone ; origin of chalk and limestone. Chemical 
analysis of shells and other forms of calcium carbonate. 

The lime-kiln. Quicklime, slaked lime, lime-water. 
Pieparation and properties of carbon dioxide 
Caibon monoxide Its poisonous natuie. 

G. Astronomy, 

Shadows and eclipses. 

Refraction in watci, glass and the atmosphere 
The convex lens. Camera. Magnifying-glass. 

The concave lens. 

Telescopes. 

Thud Tern Applications of Science. 

A Discuss the work of the biologist in modern life. 

Insect pests : mosquito, house-fly, butteifly, wasp Their 
life-histoiies. 

Useful insects . bee and silkworm. 

Pollination of flowers 

B Discuss the work of the chemist m modern life. 

Practical study of some of the following 
Soda-water, mineral waters, baking-powder, hard and soft 
water, soap 

Fermentation by yeast 
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AN EXAMPLE OF THE TOPIC METHOD 

Mortal and cement. 

Analysis of expired air and air dissolved in water. 

C Discuss the work of the physicist in modern life 
Ammeteis and voltmeteis. 

Electiical motois 

Lamps, heaters, fuse wires, etc. 

Electroplating. 
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7 THE “EXTENDED” SYLLABUS 


For those Schools who aic able to devote more time to Science 
than that requiicd for the basic syllabus, paiticularly towards 
the end of the course and for those pupils who will ultimately 
proceed to the Science Sixth Form, we make the following 
suggestions as to how the basic syllabus may be extended. 

It IS neither possible nor desirable to enter into great detail, 
since much of the additional time available will be devoted 
to a deeper treatment of certain topics already mentioned in 
the basic syllabus, but included there rather by way of illus¬ 
trative material than for detailed study The list of topics we 
suggest IS not set out in any particular order, but it is envisaged 
that they will be introduced by the teacher at convenient points 
in his consideration of the basic syllabus 

PERIODS 

PHYSICS 

(2) Conservation of Work and Efficiency Idea of lever as 
machine with mechanical advantage and velocity 
ratio. Use of pulley in lifting weight and use of 
moving pulley to give multiplication of efifoit 
Link with M.A. and V R. of lever. 

Vector Quantities. Composition and resolution of 
forces (and velocities). Applications to flight, 
sailing, etc. Triangle of forces. 

(10) Motion, Some conception of average speed, uni¬ 
form velocity, change of velocity leading to 
acceleration, distance-time, velocity-time, and 
acceleration-time graphs Equations of motion. 
Acceleration of falling bodies. 

Momentum as distinct from energy. Newton’s 
Laws. Units, absolute and gravitational 

(8) Surface Tension, Capillarity, Diffiusion and Osmosis 
Experiments to demonstrate the effect of surface 
tension. Expeiiments on capillary rise, drops and 
bubbles. 

Simple demonstration of diffusion of gases of different 
density 
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THE “extended” SYLLABUS 

Demonstration of diffusion of liquids and osmotic 
pressure. Surface tension, diffusion, osmosis, vis¬ 
cosity, change of state, gas pressure, considered 
fiom the standpoint of molecular theory. Dis¬ 
cussion of part played by laws and hypotheses 
Brownian movement. 

(2) Thermometers. Inclusion of temperature scale con¬ 
version by graph and calculation 

(2) Units of Heat Inclusion of the use of thin caloii- 
meters. 

(2) Change of State Inclusion of cooling curves and a 
reference to vapour pressure. 

(9) Coefficients of Thermal Expansion. Coefficient of linear 
expansion, meaning and determination. Sti aight- 
forward calculations Coefficient of cubical ex¬ 
pansion. Real and apparent expansion. Appar¬ 
ent volume coefficient of a liquid (by direct 
measurement or by weight thermometer) Rela¬ 
tion between coefficients of expansion. 

Expansion of gases. Charles’s Law. Absolute tem- 
pciatuie. Law ofpressuies. Combination of gas 
laws. Gas thermometer. 

(2) Refection—Plane Mirror. Inclusion of rotation of 

mirror and sextant. 

(6) Electrolysis. Experiments with watei voltameter to 
show that quantity of substance liberated depends 
on cm rent and time of flow. The coulomb 
Electrochemical equivalent, its meaning and deter¬ 
mination. Simple treatment of the accumulator ; 
construction, charging an angements, capacity, 
chaigmg late and recognition of charged and 
discharged accumulator. 

(3) OhrrCs Law Dependence of resistance on material, 

length, cross-section and tempeiature. Resis¬ 
tances in series and parallel. 

Electrodynamics Fleming’s Rule 

(1) Electromagnetic Induction. Lenz’s Law. Reversal m 
motoi 

(1) Alternating Curtent Induction motor 
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(21) ASTRONOMY 

Note . As relatively few schools have facilities 
for the specialised teaching of astronomy and as 
instruments aie not likely to be readily avail¬ 
able in aftei life, chief emphasis is hcie laid on 
phenomena which may be observed with the 
unaided eye. The use of a planisphere should 
be encouraged and attention should be drawn 
to astronomical references in the daily press, 
especially to articles such as Siats of the Month, 
which appear periodically in The Times and other 
papers. All the topical information which the 
teacher requires is to be found in Whitaker's 
Almanack Perhaps the chief object of a short 
course of this kind is to arouse a feeling of wonder 
and to stimulate an interest which may provide 
lifelong pleasure. 

Idea of the Ancients about Geocentric Universe 

Copernicus’ suggestions, simplification. The main 
features of the solar and stellar systems ; sun, 
earth, planets, comets, meteors, stars, constella¬ 
tions, the galaxy and extra-galactic nebulae 

The apparent diurnal motion of sun, moon and 
stais Circumpolar stais and their apparent 
motion. The Gieat Bear. Finding the Pole Star 
Diurnal motion explained by rotation of the Earth. 
Day and Night; time in relation to longitude (e.g. 
Greenwich, Land’s End, Ireland, New York, 
Beilin, Australia). 

Positions of moon on successive nights in relation 
to terrestrial objects and to stars ; changes due to 
lunar motion. Length of lunar month. Phases 
of the moon and relation to rising and setting 
time. Connection between moon and tides with 
reference to times. Springs and Neaps Lunar 
and Solar eclipses ; why they are rare. 

Revolution of the earth. The Ecliptic Signs of 
the Zodiac (not to be memorised). Opposition 
and conjunction ol planets Seasons m conse¬ 
quence of the revolution and till of the Earth’s 
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axis. Solstices and equinoxes, tropics, length of 
day in relation to latitude. Arctic and Antaictic 
ciicles The calendar and its developments 
Relative sizes and distances of sun, moon and 
eaith Why sun and moon appear about equal 
in size Apparent annual solar motion. Weekly 
observations of planets and planetary motion. 
Asteroids. Observation of Mercury whenever 
possible Why it is difficult to see this planet 
Venus as morning and evening star. Appearance 
of sky at diffeient latitudes Star catalogues, 
chaits and their uses. Stellar distances Light 
year, 

STRY 

The Laws of Boyle, Chailes, Gay-Lussac and Avogadw 
Relationship between lelative density of a gas and 
Its molecular weight. Gas volume lelationships 
in the synthesis of steam, carbon or sulphui dioxide 
and hydrogen chloiide. 

Chemical equations and simple calculations based on 
them, including volumes of reacting gases. 

Equivalents of acids and bases Simple volumetric 
analysis involving the use of normal solutions 

Ozone and Hydrogen Peroxide Pieparation and pro¬ 
pel ties of ozone. Uses in air purification, etc. 
Pieparation and properties of hydrogen peroxide 
Uses in bleaching and as an antiseptic 

Mitrous Oxide. Preparation and properties Uses 
in anaesthesia 

Hydrogen Sulphide. Preparation and properties. 
Poisonous nature. Precipitation of metallic sul¬ 
phides under differing conditions—application to 
qualitative analysis. 

The Alkali Industry. The manufacture of sodium 
carbonate by the Solvay process and of sodium 
hydroxide by an electrolytic pi ocess. Uses of these 
two substances and of the by-products obtained in 
their manufacture Sodium hypochlorite and 
sodium chlorate 
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(6) Gennal methods for the extraction of metaU Reduction 
of caibon and cat bon monoxide. Mutual reduc¬ 
tion of oxide and sulphide. Electrolytic processes 
Simple refining methods 

(8) Simple qualitative analysis Identification of common 
basic radicals, such as lead, copper, iron, zinc, 
sodium, potassium, calcium, ammonium, and of 
acidic radicals, such as carbonate, chloride, sul¬ 
phate, nitrate, sulphite, sulphide 

(4) Further treatment of oxidation and reduction Change m 
valency during oxidation and reduction. Oxidis¬ 
ing and reducing agents and methods for their 
detection. 

BIOLOGY 

(4) Structure {morphology and histology) of the flowering plant 

in relation to its primary functions respiration, 
photosynthesis, the transpn ation stream, food 
storage, growth, irritability, movement and repro¬ 
duction, and in relation to its environment. 
(Treated as a revision topic to gather together 
and extend knowledge gained m the basic course.) 

(3) Abnormal methods of plant and animal nutrition —parasites 

and saprophytes, insectivorous plants, mycorrhiza 
and root nodules (included in basic course). 

(2) Tissues and cells Cell division. 

(5) Further work on lower plants and animals Amoeba, 

Spirogyra, Fern (arising from pond studies and 
leading to characteristics of living organisms and 
differences between plants and animals). 

(2) Furthei work on nervous system and sense organs. Sensory 
and motor nerves and their endings. Spinal cord 
and brain Voluntary and reflex actions. In¬ 
telligence and instinct 
(35) GEOLOGY 

Note : The co-operation of Natural History 
Societies with work in this subject, much of 
which must of ncces.sity be done in out-of-school 
houis, is most impoitant. Intel est may be main¬ 
tained by offering piizcs for geological work done 
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voluntcuily duiiiig hohcLiys Geological maps of 
the distiicts which are visited may be diawii , 
sketches may be made of quames and other sec¬ 
tions which are seen , dcsciiptions of the observed 
geology may be written ; and collections of rocks, 
mmcials and fossils may be made The boy m 
a rural school can see rocks in quairies and can 
observe the outlines of the countiy and the courses 
of the streams , the boy in an urban school may 
observe many diffeient rocks used as building 
stones and for roads m his town From the vciy 
stait, boys should be encouraged to record observa¬ 
tions beaiing on the subjects discussed and to make 
chawmgs of the things they see Simple maps 
should be compiled and duplicated, so that each 
boy may have copies. Throughout tins suggested 
course observation should be linked with piacLice, 
the connection between everyday life and science 
being kept in view. Most of the woik is suitable 
for the fiist two years of a course m general science, 
if the teaching is kept on an elementaly plane 

The changing Eaith. Surface altciations on Natme’s 
surfaces and on artificial ones, e.g paths and coun¬ 
tiy roads. Runmng water as an agent ol erosion 
and transportation. Frost and its splitting action. 
Accumulation of waste (sciees) at foot of walls, 
quarry faces and hillsides. 

Hard and soft rocks (related to the above) Simple 
discussion of land forms showing differ eiitial 
weathering. Weathering of old walls. Dressed 
stones develop natural gram 

Common rocks of neighbourhood (observed charac¬ 
ters and differences). Rocks (stones) brought into 
district for buildings or roads, compared with local 
ones 

The make-up of common rocks a conglomerate, a 
sandstone, a shale or clay, a limestone Examina¬ 
tion of these rocks using lens and acid, both before 
and after breaking them up Comparison with 
loose pebbles, sand, mud and broken shells 
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The making of common sedimentary rocks : (a) raw 
materials m Nature and how they arc obtained 
(see above) ; (b) hardening processes ; pressure , 
cementing 

Refer to artificial stones, c g. concrete, brick 

The work of the sea • coast features ; sorting 
arrangement (stratification) ; intermingling of 
organic remains. 

Earth movements raised beaches ; submerged 
forests , sca-sliells in rocks above sea-level , tilting 
of beds ; dip. 

Solvent action of water : solution and ptecipitation. 

(a) Solution of limestone in water and carbon 
dioxide. Scenery of a limestone country. Caves. 

(b) Precipitation of calcium carbonate in watci- 
pipes, kettles and caves Preserving action of the 
deposit 

Internal heat of earth (simple evidences) • rise of 
temper aturc in mines , hot springs ; lavas , crys¬ 
tals formed by cooling molten solid Crystalline 
rocks • Granite. Obsidian (cf. artificial glass). 

Observation of rocks in the neighbourhood, in quar¬ 
ries or roads or buildings. 

How to record observaDons on a map. Strike and 
dip. Outcrop. Width of outcrop related to 
thickness and dip. Drawing of simple sections. 

The work of rivers . springs ; erosion and trans¬ 
port , valley formation , waterfalls ; meandeis ; 
rejuvenation ; gravels , terraces ; deposition in 
sea , estuarine deposit, deltas. 

Study of a map of a district dissected by iiver action. 
Dip and strike valleys. Escarpments Outliers. 
Section drawing through a scarp and an outlier 

Glaciers : work of erosion and deposition ; evidences 
of glaciation m areas now free from ice. 

Further study of igneous rocks . a volcano and its 
products. Ashes and breccias. 

Lavas—(a) Fine types : glasses (b) Coarse types : 
including crystals and what they indicate. Non- 
extrusive types . dyke locks ; Plutomc rocks. 
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Earth stiuctures and movements • folding and fault¬ 
ing , synclincs and anticlines , compicssion and 
tension ; jointing. 

Map study and section drawing of synclines and 
anticlines Their relation to forms of outcrop. 

Common types of fossils Living representatives of 
fossil forms 

Common minerals of the earth’s crust and their 
recognition • quartz , felspar , mica ; horn¬ 
blende ; calcite 

Mineral veins and ore deposits. Recognition of non 
pyrites, copper pyrites, malachite, galena, haema¬ 
tite. Elementary ideas about mining. Extrac¬ 
tion of non from haematite and of lime from 
limestone. 

Stratigraphy. Superposition Broad divisions of 
geological foimaUous Piimaiy, Secondary, Ter¬ 
tiary, Recent 

Cycles of denudation. Cycles of deposition. Un- 
confoimities and their significance. 

Man’s ancestry and prelustory • Palaeolithic man • 
his remains ; weapons and tools in cave deposits 
and gravels. 

Neolithic man : his remains ; weapons and tools ; 
and burial mounds 

Bronze Age man his structure , flint and bionze 
weapons and tools , his burial mounds and 
pottery. 

Early Iron Age man his stiuctuic , weapons i 
tools ; camps and pit-dwcllings. 

Economic Geology of to-day peat ; coal , oil. 
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8, SCIENCE FOR NON-SCIENCE SPECIALISTS 


The following suggestions ate intended for those pupils who, 
while not specialising in Science in the Sixth Form, wish to 
continue their contact with it It is assumed that such pupils 
will have covered the subject-matter of our Basic Syllabus 
during their pre-Sixth Form years and will be devoting not 
less than two periods per week for two yeais to Science in 
their Sixth Form course. These suggestions are based upon 
the Report of a Sub-Committee set up by the Science Masters’ 
Association to consider the question of the teaching of Science 
to Non-Scicncc Specialists, which was published in the School 
Science Review, No. 99 (February 1945), and we have adopted 
the aims of such a couise as there defined, viz. “ to inculcate 
a comprehension of the scientific method and of its specific 
contribution to the history of thought, to emphasise the con¬ 
nection of scientific discoveries and ideas with the histoiical 
background ; to show the great impoitance of Science for 
the present and future well-being of our society , and lastly 
to lelate Science to other subjects ” Since the publication 
of the Report, some further experience m the teaching of this 
kind of work has been accumulated and is drawn upon in the 
modifications suggested. It is to be emphasised, howevei, that 
this field IS still largely untouched and our syllabus is intended 
only as a general guide to those schools contemplating the 
institution of such courses It is hoped that they will experi¬ 
ment boldly in making their own modifications and thus 
contribute to the gencial pool of experience. 

1, General. 

{a) Scientific Method 

The following topics should be explicitly dealt with at 
convenient points during the course 

The appeal to experiment rather than to authoiity in 
scientific work 

The need for formulating a question clearly, for defining 
the terms used, for considcimg the alternative hypotheses or 
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verifying the hypotheses in turn by planned observations or 
experiment. 

The kinds of pioblem to which scientific method can be 
applied and those to which it cannot. 

A ‘ Law ’ in science as a concise description of a group of 

1 elated experimental or observational facts. 

The function of hypothesis or theoiy in ‘ explaining ’ laws 
or the linking together of several laws by relating them to 
more fundamental or more commonly used concepts , the 
provisional nature of a theory and its use in predicting new 
facts or laws which may be verified or disproved by experiment. 

{b) The Beginnings of Science. 

The discoveries and theories of the philosophers of antiquity. 

The position prior to the advent of the Greek Schools, 

The Greek Schools—a brief account of the teaching of some 
of the well-known philosophers, eg. Thales, Pythagoias, 
Socrates, Democritus, Plato, Aiistotlc, Euclid, Aichimedes— 
the philosophical approach to Science and the neglect of 
experiment by philosophcis with Aichimedes as the best 
known exception—Hippocrates and the beginnings of medical 
science 

The Ascendancy and Decline of the Roman Empiic and its 
effect upon Science—the Romans as essentially a piactical 
people—the power acquired by the Church in consequence 
of the splitting of the Roman Empire 

Arabian Culture—Alhazen 

The Renaissance—beginning with the Arts and later spread¬ 
ing to Science—Roger Bacon, Leonardo da Vinci 

The change to Inductive and Mathematical Science— 
Fiancis Bacon, Descartes. 

The great development of Expcruncntal Science in the six¬ 
teenth and seventeenth centuiies Galileo—the Church and 
Science. 

2 Astronomy. 

The Greek interpretation of the observations of naked-eye 
astionomy ; the Ptolemaic System , the Copernican revolu¬ 
tion , Copernicus, Tycho Brahe, Kepler, Galileo, Newton ; 
the influence of astronomy on the development of mechanics 
(qualitative treatment) 
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The telescope in asLionomy; the solar system, its chief 
members and relative dimensions ; the tides 

The determination of the distances of nearer stars by parallax 
and a brief outline of the methods used for more distant stars. 

The specti oscope in astronomy , significance of bright and 
dark lines ; the influence of temperatures, Doppler effect. 
Globular clusters, Cepheid variables, the galaxy. The extra- 
galactic nebulae. 

3. Physics 

Mechanics. 

The development of the mechanical view of the univeise. 

The woik of Galileo and Newton. 

The break with the mediaeval outlook. 

Heat 

The histoiy of the theimomcter and the measurement of 
temperatme. 

The measurement of heat—Black’s work—the Caloiic 
Theory 

The Kinetic Theoiy of Heat—Joule’s work as a model of 
careful experiment and his persistence against prejudice. 

The piinciples of conservation and degradation of eneigy. 

Light. 

The corpuscular and wave theories. 

Huyghens, Nevrton, Young and Maxwell. 

The electromagnetic spectrum. 

Interference, diffraction and polaiisation 

Modern ideas of light (the idea of wave-mechanics could 
be introduced here) 

Electricity. 

Early discoveries of the nineteenth century. 

Faraday, his life and work. 

Maxwell 

Twentieth-centuiy Physics 

The enlargement of the scientific field to include the very 
small and the very large, involving the modification of the 
classical laws of the Newtonian era. 

The discovery of X-rays. 

The discovery of the electron. Thomson. 

Early atomic models. 


106 



SCIENCE FOR NON-SCIENCE SPECIAHSTS 

The Tlicoiy of ReldUvity—Matter and ciicigy. 

The Quantum Thcoiy 

Radioactivity—The Curies, Rutheifoid. 

Tiansmutation, fission, nuclear energy 

Short histones of the Royal Society, the Biitish Association 
and othei scientific societies. 

4 Chemistry. 

An outline of the transition fiom alchemy to modem 
chemistry, with some appreciation of the woik of such men 
as Boyle, Stahl, Black, Scheele, Priestley, Cavendish, Lavoisier 
and Dalton. 

The atomic and molecular theories in the light of modern 
views of the stiuctuic of the atom. The con elation between 
electronic structure and chemical piopcities illustialcd by 
icfciencc Lo the pci iodic classification ol the elements 

Ways in which atoms can combine—tiansfer of elections 
(elect!ovalcncy) and shaiing of elections (covalency) 

Elcctiovalcnt compounds Ionic ciystals. Simple ionic 
reactions, eg. neutralisation, precipitation, etc. Elcctiolysis 

Covalent compounds Covalent ciystals. The special case 
of the carbon compounds—ability of caibon atoms to foiin 
chains and rings Non-ionic reactions, e g substitution, addi¬ 
tion, hydrolysis, condensation, etc. Simple treatment of 
organic chemistry, including elementary ideas on synthetic 
methods of preparation Structural formulae as indicating 
moleculai stiucturc. Moleculai models and simple treatment 
of shapes of molecules. 

Qualitative outline of the mechanism of chemical reactions. 
Influence of conditions on speed of reaction. Mass action. 
Energy relationships Catalysis. Chain reactions. 

The colloidal state General properties of colloidal sub¬ 
stances. Adsorption Foams, gels and emulsions. 

The fundamental concepts outlined above should be illus¬ 
trated by, and in many cases developed from, a study of 
several topics concerned wjth the applications of chemistry to 
everyday life or industry, such as metals and alloys , explo¬ 
sives ; drugs ; dyestuffs ; synthetic fibres , plastics , rubber ; 
photography ; the manufactuie and importance of heavy 
chemicals , hoimones ; insecticides ; fertilisers ; enzymes, etc. 
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The topics selected will vary with the interests of the teacher 
and pupils and the opportunities which the locality afibids 
for first-hand acquaintance with the subject-matter. 

5. Technology. 

The development of tools. 

The search for power—water-wheels—windmills, steam- 
engine, turbine and internal-combustion engine. 

The use of electiicity for the transmission of energy. 
Sources of power and their utilisation. 

Transport—use of the sledge, discovery of wheel from use 
of roller (comparison of rolling and sliding friction), the 
wheeled vehicle, the ship and the aeroplane. 

Communication—use of visual signals and of sound. Elec¬ 
tric tclcgiaph, telephone, radio communication. 

Social effects of technological changes. Reduction of diud- 
gery and want. Distiibution of population. Problems of 
leisuie. Pollution of cnviionmcnt. 

The relation between pure rcseaich and technological 
advance. 

6. Biology. 

History from the Scientific Renaissance to 1861. 
Cnculation of blood—Haivey. 

Discovery of the microscope ; Hooke, Malpighi, Leeuwen¬ 
hoek. 

Glassification ; Linnaeus. 

Compaiative anatomy Cuvier 

Protoplasm and the Cell Theory • Schheden, Schwann, 
Schultze Characteristic properties of living matter with 
particular reference to man. Protoplasm ; cells and cell 
division. 

Food A balanced diet . vitamins and dietetic deficien¬ 
cies. The balance of nature . carbon and nitrogen cycles. 
Soil ■ use and misuse—erosion and exhaustion, reafforestation, 
irrigation and reclamation. Insect, rodent and fungal pests. 
Studies of world food problems. 

Growth, illustrated by plant (apical growth and intercalary 
growth) and complete life cycle of a mammal. Hormones 
and growth. 


108 



SCIENCE FOR NON-SCIENCE SPECIALISTS 

Animal behaviour ; central nervous system of man in simple 
outline, reflex actions, instinct and intelligence. 

Diseases, their cause and methods of control Natuial 
defences against disease The work of Pasteur, Lister and 
Koch : immunisation, antiseptics and antibiotics. 

Variation and heredity Mendel’s experiments with peas 
The Chromosome Theory Simple examples of inheritance 
in hybrids. Mutations. Determination of sex and inheritance 
of sex-linked characters. 

Evolution. Evidence fiom studies in palaeontology. Geo¬ 
graphical distribution, cmbiyology and comparative anatomy. 
Theoiies of evolution. Darwin. Studies in population 
statistics. Eugenics. 
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1. Thk Unique Position of Man in the Animal Kingdom 

The experimental approach to human biology inevitably treats 
man as an animal and there is thus a danger that courses 
such as we have suggested may over-emphasise the similarity 
between man and the animals and that the neglect to draw 
attention to the unique position man occupies among them 
may leave oui pupils with unbalanced views It is very 
difficult to lay down precise suggestions as to what can be 
taught on this theme particularly to pupils of 16, but we hope 
that some considerations such as the following may be present 
in the mind of the teacher, who will introduce such themes 
as and when he may feel his class to be ready to receive 
them: 

Though it may be that man’s intelligence, his speech, his 
aesthetic sense, and even his ethical systems have clenved 
from his animal progenitors, their existence is woithy of 
comment So too is the fact that man has a cultural as 
well as a biological inheritance : he ponders the past and 
anticipates the future • he is self-conscious and self-critical 
“ at once actor, spectator and critic He strives foi fiee- 
doni in his individual life and m his social system, a freedom 
made possible by his intelligent control over his instinctive 
urges, a freedom which bungs responsibilities which he 
often 1 elates to his religious faith. 

2. Natural History Background. 

In the syllabus no time is specifically assigned to purely 
Natural History topics It is felt that it is undesirable or 
even impracticable to provide for these m a formal syllabus 
Nevertheless, it is essential that the importance of this aspect 
of the work is not underestimated for it is fundamental to any 
real understanding of Biology, or of man’s own environment 
Field work, the observation of living cieatures in their natural 
habitats, must form the basis of this work and a proportion 
of the studies must be of this type Other topics may then 
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be dealt with by producing replicas of some aspects of the 
habitat in the laboratory or school garden, by bringing por¬ 
tions into the laboratory, or by bringing in selected plants 
and animals, preferably for examination whilst still alive in 
01 del that their structuie may be studied m relation to their 
life processes Then, and only then, is it permissible to fill 
m gaps by means of preseived specimens or photographs 

Mention has been made m the notes on the Biology Syllabus 
of a number of instances where field studies may be under¬ 
taken, but the actual times and examples must always be 
determined by local and seasonal considerations In par¬ 
ticular it should be lemembered throughout that a poition 
of the work m the fifth year is the study of one particular 
habitat The intention is that this peiiod should be used for 
summarising and formalising a large numbei of observations 
which have been made during the preceding four years and 
the need for this preparatory work must be kept m mind at 
all seasons throughout these four years. 

3 Astronomy and Geology. 

In regard to the Basic Syllabus, we adhere to the opinion 
expressed by our predecessois m the following extract from 
the Teaching of General Science, Pait I, p. 34 : 

Despite their obvious claims to inclusion, we decided to omit 
specific mention of Geology and Astionomy from the Syllabus we 
now piesent, the shortness of the available time being one of the 
chief reasons We are also influenced by the thought that in most 
schools It IS difflcult to make arrangements foi observational work 
Further, in many schools. Geology is taught by the Geographers 
in a way which sufHces for the purpose we have in mind and 
though a little overlapping in the teaching is desirable, too much 
may be wasteful of time Moreover, although a master who, 
teaching General Science as we think it ought to be taught, can 
hardly fail to mention facts of astronomical and geological import 
while he is dealing with certain parts of our Syllabus, these sub¬ 
jects, so far as they can be carried m very elementary treatment, 
seem to use no fundamental principle which is not dealt with 
elsewhere m our syllabus 

We have, however, included suggestions for work m both 
these branches in our “ Extended ” Syllabus (Chapter 7), but 
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we would emphasise the vital necessity for observational work 
for astronomy and field studies for geology , otherwise the 
course will degenerate into the mere handing out of informa¬ 
tion perhaps illustrated by pictures and slides Such infor¬ 
mation may be interesting and important to the pupil, but 
unless based on observation and experiment it cannot be 
called Science, and the Science lesson is not the place for 
imparting it. 

4 Treatment of Atomic Theory, 

In courses of Chemistry as a separate subject to the first 
school examination, it has been customary to attempt a logical 
treatment of the Atomic Theory The gravimetric laws led 
to the Dalton Atom. The law of gaseous volumes led to the 
molecule and to Avogadio’s Hypothesis Some evidence was 
produced for the diatomicity of the hydrogen molecule. The 
constancy of the gram-molecular volume at S.T P. was estab¬ 
lished and molecular weights calculated from vapour density 
measurements The atomic weights of a few non-metals were 
deiived from a flimsy argument based on Cannizzaro’s method 
and of a few metals from a still more flimsy argument, based 
on Dulong and Petit’s Law. 

Experience of attempting to teach on these lines has led to 
the view that it produces more satisfaction in the mind of the 
teacher than comprehension in the mind of the immatuie 
pupil. Whether or not such a treatment is desirable for the 
able pupil at this stage, it is not suitable, we feel, for the 
General Science course. 

In the early stages, possibly in the first year, certainly in 
the second year, chemical symbols should be introduced as 
a kind of shorthand to stand for elements (without any defini¬ 
tion of atoms) and simple formulae for compounds, e.g. PbO, 
GOj, NaOH. Towards the end of the second year the ideas 
of atoms of elements, molecules of compounds and later, 
molecules of elements should be given, not as facts, but as 
supplying a mental picture by which we try to account for 
the facts we observe Equations are balanced groupings of 
these formulae. Throughout the third year, suitable oppor¬ 
tunities are numerous for giving practice in the building of 
equations. Direct attempts to teach valency at this stage are 
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probably unwise ; it is better to let the idea emerge giadually 
and to draw specific attention to it when this is judged to 
have occurred. By the fourth year, considerable facility 
should have been acquired in the use of equations, and the 
pupils should be ready to receive the idea that electrolytes 
differ from non-electrolytes m that their atoms or radicals are 
electrically charged (ions), the feeble conductivity of water 
being accounted for by supposing that it is feebly ionised : 

HjO = H+ + OH- 

With a good class some teachers may wish to proceed to an 
explanation of the icactions at the electiodcs The concep¬ 
tion of the Activity Senes of the metals (and hydrogen) has 
by this time been given and the reactions at the cathode can 
be explained • the element with the lowest energy being the 
most easily discharged. It is reasonable to extend the activity 
idea to the anions and so to explain the phenomena at the 
anode The theory of ions can then be shown to give a more 
satisfactory explanation of the ordinary chemical leactions of 
electrolytes, stressing particularly the hydrions in acids and 
the hydroxyl ions in alkalis. 

The quantitative work on equivalence in the fifth year then 
makes possible a development of the Atomic Theory to include 
a consideration of the relative weights of the atoms and mole¬ 
cules and the use of these for simple calculations of reacting 
weights 

5 Units in Physics 

In any Physics course the evolution of a system of units 
causes much difficulty to beginneis There is no reason why, 
even in a General Science course, the method of building an 
absolute system of units depending on the fundamental units 
of mass, length and time, should not be outlined. Obviously, 
all the absolute units involved in the whole syllabus cannot be 
defined Therefore, at some point, a unit must be named 
without being defined. This arises because Newton’s Laws of 
Motion are not included in the syllabus and hence, the absolute 
unit of force, the dyne, cannot be derived. 

All the Mechanics for General Science can be covered 
without using absolute units. The Biilish system of units is 
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adopted and these are real to the beginner and comparatively 
easy to understand. Trouble arises, however, with the elec¬ 
trical units, foi these are founded on the fundamental units. 
In the General Science course, then, there are two methods 
of approach to units. For those who do not intend to study 
science beyond the School Certificate stage, it is suggested 
that only the British System of Units be employed in the 
mechanics for the measurement of force and work. When 
the electrical units are encountered, these should be named 
only. If desired, the international units of current, potential 
difference, and resistance can be given. The watt has to be 
defined in terms of the ampere and volt, which is not strictly 
correct. 

The alternative approach which may be preferred for the 
future science specialist, is to name the absolute unit of foice 
(dyne) or work (eig) in the early stages of the mechanics. 
As pointed out above these units cannot be defined without 
Newton’s Second Law. The practical unit of work (joule) 
and the unit of work (watt) can then be defined. This next 
leads to the volt and the derivation of the expression for the 
energy consumed in a conductor expressed in joules and 
calories. The definition of the ampere must be left for post¬ 
school certificate Physics, foi this depends on quantitative 
magnetism outside the Syllabus. 

6 Problems on changing to General Science 

It is inevitable that the introduction of Geneial Science 
couises into a school where formerly one or more only of the 
separate branches were taught presents a number of problems, 
but, when the advantages of the broader based course in 
Science are appreciated, solutions to these problems can be 
found. Not the least of them concerns staffing. 

Beyond question, the most desirable arrangement, at any 
rate m the early stages, is for all the Science for a given class 
to be in the hands of one teacher What has been called 
the essential unity of Science lies in its method and we do 
a great service to the community if we give to its future 
citizens some idea of what the method is and some realisation 
of Its wide applicability A pupil who begins his scientific 
studies under more than one teacher, teaching only their own 
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specialist branches, is likely to feel that there are different 
sciences more or less narrowly confined and he is less likely 
ever to be able to apply his training outside those fields. We 
recommend foi at least the first two years of a foui-year course, 
01 at least the first three years of a five-year course, that unrty 
should be mamtarned in the teaching 

The reluctance of teachers trained in the Physical Sciences 
to undertake the biological work and of biologists to under¬ 
take work involving Physics and Chemistry, is recognised. 
But we take the view that there is nothing in the Basic Syllabus 
beyond the powers of anyone with a scientific training both 
to appi eciate and to teach Perhaps an instance of how this 
difficulty has been met in one school may be useful The 
school was a three-stream school and had three specialist 
teachers. Jointly they drew up a teaching syllabus to cover 
the first three years, each putting forward material which he 
thought to be important, the others requiring him to justify 
his material from the point of view of the kind of knowledge 
and training which the ordinary, educated citizen ought to 
possess. In doing this each became convinced of the impor¬ 
tance of the other branch of Science and each was forced to 
examine critically his reasons for teaching the various parts 
of his own. Each was then given one of three parallel first- 
year Forms and at fiist weekly, and later at less frequent 
inteivals, meetings weie held to discuss progress and to plan 
the work for the immediate future Needless to say, each was 
leading into the branch with which he was least familiar and 
his studies were being guided by his specialist colleagues 
This method proved successful and while it may not meet 
the difficulties in other schools, it may suggest lines along 
which solutions are possible 

For the last year or two of the General Science course and 
when the allocation of time for Science is usually more liberal, 
there is much to be said for some subdivision of the work 
The development of Science is towards classification, towards 
the isolation of types of problem, that is, towards specialisa¬ 
tion. (Notice that this is a development and not a starting- 
point.) It IS desirable that before the conclusion of the 
general school couise, the pupil should be made awaic of this 

A second problem concerns laboratory accommodation No 
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doubt the ideal solution is for the elementary work to be taken 
in a general purpose laboratory and later, when the increasing 
complexity calls for subdivision, for it to pass to the specialist 
laboratories Building problems, however, are much less 
flexible than human ones and for most schools this ideal is 
unattainable. 

For a three-stream school, with three laboratories, one solu¬ 
tion is for three parallel forms to take Science lessons during 
the same periods, so that at reasonable intervals, say eveiy 
third of a term, rooms may be exchanged and the work so 
planned that each part can be carried out in the most suitable 
laboratory While a solution on these lines may be possible 
in some schools, it is freely admitted that in the overcrowded 
state of many Grammar Schools no really satisfactory solution 
may be possible at present and it may be necessary to conduct 
the whole of a year’s work in General Science in one of the 
specialist laboratories When this occurs it may be desirable 
to assemble the equipment needed for a week or more, on 
trays in cupboards set aside for the purpose, in the room 
where it is to be used This involves a certain amount of 
planning in advance, but it is reasonably satisfactory for 
elementary woik. Conditions of this kind, however, provide 
a fiuther reason for subdividing the later stages of the work 
into the three main branches, to be taught m the specialist 
laboratoiies. 
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In the constiuctioii of the syllabus we have tued to include 
what is both teachable and worthwhile, irrespective of its 
suitability or otherwise for examinations While it is tiue 
that many of the qualities of mind which we believe our 
pupils may acquire from the hbeial courses we have planned 
arc beyond the scope of examinations to assess, we realise the 
necessity for and the powerful influence exerted by examina¬ 
tions. In the previous Report, very specific and, we think, 
very wise recommendations were made for examining m Genei al 
Science. By now, however, most examining boards have 
adopted techniques very much in the spirit of that Rcpoit 
and we feel that there is no longei any need to enter into 
such detail. For the new Genei al Certificate of Education 
we anticipate that the examination in General Science ivill 
play an increasingly important part at the “ ordinaiy ” level. 

We emphasise that the best kind of teaching is always little 
influenced by the examination and wc deprecate m the exami¬ 
nation anything which would limit the freedom of the teacher 
to experiment or to follow, from time to time, what may appear 
to be profitable digressions from the syllabus. There is much 
more in the business of educating than the impai ting of know¬ 
ledge in a form readily leproducible in examinations It is 
one of the dangers of any system of examinations that we may 
come to value only what we can test, and this peril should 
be ever present in the minds of both teacher and examiner. 

Our predecessors laid great stress on the desii ability of 
supplementing the written examination with further use of 
teachers’ estimates m older to give due weight to those ‘ by- 
pioducts ’ of our teaching, those “ many important qualities 
which cannot be valued adequately ” by written tests While 
wc are very much in sympathy with this point of view, we 
lealise the difficulty of standardising such estimates. We have 
felt bound, therefore, to content ourselves at present with the 
above insistence on the limitations of written examinations, 
though we should welcome more research into the wider use 
of such estimates. 
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It iSj of couisCj icco^mscd iIiaI cxlcrudl cxcimiiititioiis Ctiii 
exeit a beneficial influence upon schools by demanding that 
the teaching shall not deviate too far from certain dcsiiable 
paths, and in this connection we quote from the previous 
leport: 

The written tests should be compiled to attain the following 
objectives 

(1) all the children should know thoroughly a limited range of 
facts and principles of fundamental importance , 

(2) all the courses taken in schools should cover parts of the 
three main sciences at least (and pieferably parts of others as 
well) ; 

(3) this wide field should be combined with limited specializa¬ 
tion in certain dnections, i e. teacheis of science should be able 
to direct their attention towaids topics specially relevant to the 
environment of their school or to then own special interests and 
abilities (local specialization) 

One of the problems with which cxammcis of General 
Science have been faced, and one of the causes of dissatisfac¬ 
tion among teachers, who have prepared pupils for some of 
these examinations, has been that the breadth of the syllabus 
to be tested has made adequate sampling of its parts difficult 
in one exanunation. We are of the opinion that it is not desn- 
able to attempt to assess the results of some five years’ work 
over so broad a field as even our basic syllabus in a single 
paper. At least two papeis at the “ ordinary ” level should 
be set One paper should consist of a wide range of the now 
familiar “ New-Type ” short answer questions designed to 
secuie objectives (1) and (2) above. Another paper should 
consist of questions requinng essay-type answers designed to 
estimate certain aspects of scientific knowledge to which we 
attribute importance, such as the ability to marshal the points 
of an argument in orderly sequence or to write down clear 
instructions for the performance of an experiment. It should 
be remembered that an important part of the training we try 
to give to our pupils lies in the ability to express themselves 
with clarity in English and m this type of question candidates 
who have not acquired this skill are automatically penalised. 
It is probably inadvisable for questions of these two types, 
designed to test different qualities, to be incorporated in the 
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same papei, since candidates arc then tempted to answci the 
essay-type questions with the bievity winch is encouraged in 
the short-answer c[ucstions In examinations concerned with 
the Extended Syllabus no different punciples are involved 
and further questions of both types are desirable. 

We now give with slight modifications a list, taken fiom 
the pievious Report, of the specific features with which we 
consider the teaching and examining of Geneial Science to 
be concerned In each case is added a question connected 
with that specific factor 

1. Acquisition of Scientific Infoimation and Knowledge. 

(i) Knowledge of empirical facts 

e.g. Name two gases which are denser than air. 

(ii) Power of reproducing vci bally laws or pnnciples 

e g State Boyle’s Law. 

(ill) Knowledge of technical terms, or of woids used m 
science 

e g Explain the meaning of “ latent heat ”. 

(iv) Ability to identify forms, stiuctuies, processes and to 

state their functions 

e g A labelled diagram of a flower is given. The 
candidates are asked to name the parts and to 
state their function 

(v) Power of explaining verbally the meaning of a law or 

a principle 

e g What IS meant by Conservation of Energy ? 
Show how this conflicts with the idea of Perpetual 
Motion 

II Development of Scientific Modes of Thought. 

(i) Ability to use scientific knowledge to explain facts of 

ordinary life—umfication of experiences, i.c from 
facts to principles. 

e.g. Explain {a) the occurrence of the blue flame 
that often appears over a coal fire and {h) why 
soap forms a curdy precipitate with hard water. 

(ii) Enlargement of experience by recognising m ordinary 

life instances of the operation of natural laws, i e. 
from principles to facts. 

e g Describe three experiments or observations which 
119 



EXAMINATIONS 


show that thermal radiation obeys the same laws 
as light 

(ill) Capacity to distinguish between facts and hypotheses, 
c.g. Read the following passage. Then write down 
(a) which of the statements are facts, (6) which 
are verifiable geneiahsations and (r) which arc 
mere statements of opinion 

(iv) Isolation of relevant facts from a complex situation 
c.g. A fanly complicated experiment is described and 
the candidates are asked to point out which of the 
facts mentioned would be relevant to the solution 
of the problem considered. 

(v) Ability to plan experiments and to test statements. 

eg. (a) How can one find out that a ceitain muscle 
m a frog’s leg is an cxten.5or and not a flcxoi ^ 
(4) Devise cxpeiiments to test the following state¬ 
ment • “ Saccharine is 500 times sweeter than 
sugar.” 

(vi) Ability to apply generalisations to new problems. 

c.g Two identical cubes of wood aie sterilised and 
placed in separate moist chambeis. Block A is 
kept sterile. Block B is inoculated with a fungus, 
which grows and thrives in the wood. How will 
the dry weight of these blocks probably coinpaie 
at the end of thiec months? Why ^ 

(vii) Ability to diaw reasonable generalisations from experi¬ 

mental data. 

eg Nine hundred seeds of a certain plant wcie 
divided into nine groups of 100 seeds each. Each 
group of 100 seeds was placed m a germinator , 
they were all kept m the daik under the same 
conditions. But each germinator was kept at a 
different temperature. The following data were 
obtained 

Temperatuie, ° C 6 8 11 13 18 25 30 35 39 

Number of seeds which 

germinated 0 0 0 0 16 50 84 30 0 

What generalisations could you draw from this 
experiment ^ 
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(vili) Ability to iccognise problems which lend themselves 
to scientific treatment, and the contiary. 
e g. Which of the following statements could be 
investigated experimentally and m what way^ 

(a) Rain befoie seven, fine before eleven 
{b) A hot-water bottle aiis a bed 
(c) Virtue is its own reward 

III. Application of Scientific Knowledge to Socially Desirable Ends 
Ability to recognise situations or unsolved problems in which 

scientific knowledge could usefully be employed 
eg (a) A woman planted some flower-seeds beside her 
house The plants did not grow very well. The 
woman next door planted seeds of the same kind of 
flower. These plants grew very well, {b) A farmer 
had a flock of chickens. He noticed that on some days 
he would get many eggs and on other days he would 
get very few eggs. What land of information would 
you need before you could explain these differences'’ 

IV. Practical Powers or Skills 

Scientific knowledge involves power to use and to handle 
as well as power to “ talk about things ” Such skills cannot 
well be tested by written examinations. The candidates 
would have to be placed in specific situations calling for use 
of specific skills The following factors can easily be dis¬ 
tinguished 

(i) Development of manual skill and dexterity 

(ii) Ability to handle scientific material and apparatus 

(i e. skill in laboratory technique) 

(iii) Development of ideals of careful, neat and accurate 

work. 

(iv) Ability to apply scientific knowledge to solve the 

practical pioblems of everyday life. 

(v) Ability to devise experiments and to carry them 

through. 

The material of Section IV cannot easily be tested by 
written examinations, but here school records might give 
valuable information. 
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When we come to consider papers at the “ ordinary ” level 
for more mature candidates who are probably doing advanced 
woik in subjects other than science, it is elear that different 
consideiations are involved. As eaeh school may emphasise 
different aspects of the syllabus, the knowledge of candidates 
will vaiy widely In any case, the testing of mere factual 
knowledge is relatively unimportant in this context What 
the examineis will be required to elicit is evidence that the 
candidate has acquired some appreciation of the contribution 
of science to general culture, some knowledge of its methods 
and of Its impact on society. This will mean that objective 
tests will probably be inappropriate and that experiments will 
doubtless be made with papers consisUng of a liberal choice 
of questions of the essay type. 
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